with a diagnosis of pyogenic SDE were included in the present cohort. Patients with posttraumatic, postsurgical, and tubercular etiology of SDE were excluded from the study. Clinical data were collected from medical records, and radiological data from direct observation of images or from the medical records. The Glasgow Outcome Scale (GOS) was used at the end of 3 months from surgery to record the outcome. Outcome was dichotomized into favorable outcome, i.e., GOS score of 5 or 4 (good recovery and moderate disability), and unfavorable outcome, i.e., GOS score 1-3 (death, vegetative state, and severe disability).
Prognostic Factors
For comprehensive analyses, we considered demographic data, clinical features, radiological data, microbiology, type of surgery, and complications as prognostic factors for outcome. Age, sex (male and female), duration of symptoms (≤ 7 days and > 7 days), location (supratentorial and infratentorial), site (right and left), compartment (convexity, interhemispheric, and both), Glasgow Coma Scale (GCS) score (≤ 8 and > 8), preoperative seizure (present or absent), etiology related (otogenic and nonotogenic), microbiology (gram-positive and gram-negative), type of surgery (craniotomy and burr holes), and presence of cerebral venous thrombosis (CVT), infarct, cerebral abscess, and recurrence.
The Statistical Package for the Social Sciences software (version 20, IBM Corp.) was utilized for statistical analysis. To identify the association between predictive factors with the outcome, chi-square and Fisher's exact tests were performed. Both tests were utilized for categorical variables. For continuous variables, the Mann-Whitney U-test was applied. Univariate analysis (post hoc) was performed for other variables. Statistically significant variables (p < 0.25) were further considered for multivariable logistic regression analysis to identify the impact of individual risk factors. Statistical significance was defined at p < 0.05.
Results
A total of 98 children (81 males, 82.6%) were included in the present cohort. The mean age was 10.9 years (range 6 months-18 years). Nine children were younger than 1 year of age (Table 1) .
Etiology, Clinical Features, and Microbiology
The middle ear (34.7%) was the most common source of infection, followed by meningitis (14.3%) and paranasal sinus (11.2%). Twenty-eight children did not have a known source of infection. The mean duration of symptoms was 12 days and 50% of children presented within 7 days of infection. The most common symptom was fever (90.8%) followed by headache (65.3%) and altered sensorium (48%). The other clinical features were seizure (35.7%), hemiparesis (32.7%), monoparesis (6.1%), and cranial nerve deficits (11.2%). Seventy-six children presented with a GCS score > 8. The most common location was supratentorial (84.7%) over cerebral convexity (73.5%) collections (Fig. 1, Table 2 ). Ten children had associated brain abscess and 11 children had hydrocephalus. Thirty-five children had pus collection over the right hemisphere, 26 children over the left hemisphere, and 9 in the interhemispheric region. Beta-hemolytic Streptococcus (10%) was the most common organism isolated, followed by alphahemolytic Streptococcus (8%) and Proteus mirabilis (7%). Thirty-seven children had sterile culture and 2 children had multiple organisms ( Table 2) .
Surgical Procedures, Complications, and Outcomes
The most common surgical procedure performed was craniotomy evacuation of pus and excision of the outer membrane (73.5% cases; Fig. 2 , Table 3 ). Twenty-six children underwent burr-hole evacuation of the pus collection. After the surgical evacuation of pus, all children received 2 weeks of intravenous antibiotics followed by 2-4 weeks of oral antibiotics based on the culture sensitivity report. Children with initial sterile pus received cefotaxime, amikacin, and metronidazole based on our institute's antibiotic policy. All children with sinusitis or otitis were referred to an ear, nose, and throat surgeon for further management.
The most frequent complication of SDE was CVT (10.2%) in our cohort. The other complications were cerebral infarction (6.1%), new-onset seizure (4.1%), bone flap osteomyelitis (4.1%), wound CSF leak (2 cases), venous sinus injury (2 cases), and subgaleal collection of pus (1 case). Thirteen children had a recurrence of pus collection, which was more common in the craniotomy group (11 cases) versus the burr-hole group (2 cases; Table 3 ).
Eight children died due to septicemia in the perioperative period. One child with congenital heart disease suffered cardiac arrest after surgery, and could not be revived. Follow-up was available for 68 children, with a median follow-up duration of 14.5 months (range 3-132 months). Two children developed hydrocephalus at follow- up and underwent ventriculoperitoneal shunt insertion. At 3 months after surgery, 63 children (82.9%) had a favorable outcome and 13 (17.1%) had an unfavorable outcome, including the 8 perioperative deaths.
Prognostic Factors for Unfavorable Outcome
Univariate and multivariable logistic regression analyses were used to identify factors associated with unfavorable outcome (Tables 4 and 5 (Table 5 ).
Discussion
The current study is one of the largest series of SDE in children across all age groups and etiologies. The predictors of unfavorable outcome were also studied. The results of our study were compared with other series (Table  6) . 2, [8] [9] [10] 17, 24, 25 In our cohort, the mean age was 10.9 years (range 6 months-18 years), which was consistent with the reported literature (Table 6 ). Male children were more affected than female children in our study, which is also consistent with the published literature. 13 In our cohort, 34.7% of cases were due to otogenic origin and 14.3% were due to sequelae of meningitis. All infants (9 cases) had meningitis prior to development of SDE. The source of infection for SDE varies according to patient age. 8 In an infant, the common source was secondary infection of a subdural collection following bacterial meningitis. 9 The otogenic source was the predominant origin in both the supratentorial and infratentorial compartment, although the paranasal sinus was the second most common source in the supratentorial compartment, 13 especially in older children. These findings are also similar to those in previous studies.
The SDE presents with either systemic manifestation such as fever or symptoms related to the source of infection, or neurological symptoms such as seizures, altered sensorium, and focal neurological deficits. 4 In developing countries it is not uncommon for children to present in altered sensorium to a neurosurgeon. In older series, 57%-74.1% of children presented in altered sensorium. 2, 10, 25 In our study, the median GCS score at presentation was 13 and 22.4% presented with GCS scores ≤ 8. The lower incidence of altered sensorium in our series was due to ease of access to CT scans in the last decade in our city, leading to early diagnosis. In the present antibiotic area, the number of sterile culture reports is rising. In the previous series the sterile culture was reported in 14%-35.4%. 2, 10, 25 In our cohort, the incidence of sterile culture was 37.8%. The organisms isolated depend on the source and age of the child. In a series of infants, or predominantly infants, the organisms isolated were Haemophilus influenza, S. aureus, and Streptococcus. 9, 24, 25 In the present series the most common organism isolated was Streptococcus, and the most common source was otogenic.
Surgical Management and Complications
Commonly craniotomy or craniectomy is the procedure of choice for SDE, 11 but if the child is severely ill or not fit for craniotomy, then burr-hole evacuation is an option. In our institute as well, craniotomy is the preferred treatment for SDE. In our study, 73.5% of children underwent craniotomy/craniectomy and 26.5% burr-hole evacuation.
The recurrence rate was greater in the burr-hole group compared with the craniotomy group. 7 Liu et al. 9 reported no difference in either group. In our study, we found that the recurrence rate was greater in the craniotomy group (11 cases) than in the burr-hole group (2 cases). The reasons for greater recurrence in the craniotomy/craniectomy group in our cohort were sterile culture resulting in administration of nonspecific antibiotics, a larger number of interhemispheric collections, delay in treatment of the primary source (otogenic source), and thicker collection of pus. In contrast, children who underwent burr-hole evacu- ation were more often infants, had less-thick collections, and the etiology was more often postmeningitis. The morbidities of SDE are hemiparesis (15%-35%) and persistent seizures (12%-37.5%), and the reported mortality rate is 3%-10.8% (Table 6 ). The complications encountered in our series were CVT (10.2%), venous sinus injury (2.0%), arterial infarction (6.1%), and bone flap osteomyelitis (4.1%). The mortality rate in our cohort was 10.7%. The higher mortality rate in our series was due to a significant proportion of children presenting in a coma.
Predictors of Outcome
We studied a number of predictors of outcome using regression analyses. The predictors of outcome have not been widely reported. We found that younger age, presentation in coma (GCS score ≤ 8), and complications (CVT and infarction) were significantly associated with unfavorable outcome (death, severe disability, vegetative state) at follow-up. The correct classification rate of the fitted model was 87.3%. The commonly perceived predictors of poor outcome such as infratentorial location, duration of symptoms, presence of abscess, associated hydrocephalus, type of surgery, organisms isolated, and recurrence were not found to be significant in our study.
Other studies have reported a few predictors of outcome. Legrand et al. found that age > 1 year was associated with poor outcome. 8 The infants had SDE as a sequelae of meningitis, which responds well to antibiotics. They also found that neurological deficit at the time of admission was one of the significant predictors of outcome. 8 In a literature review, 13 the occurrence of aerobic streptococci was found to be a good prognostication factor and the presence of sterile culture was the poor factor for outcome. However, in our study, outcome was not related to the isolated organisms in the culture. A few studies 14, 20 have shown inferior outcome in infratentorial SDE as compared to supratentorial SDE due to rapid progression of disease. However, outcome was not related to location of SDE in our series. Complications of SDE such as CVT and hydrocephalus may influence outcome. Legrand et al. reported CVT to be a strong independent predictor of inferior outcome. 8 Similarly, in our cohort, occurrence of CVT was associated with unfavorable outcome. In addition, CVT arterial infarction was strongly correlated with unfavorable outcome in our series. The presence of hydrocephalus is a poor prognostication factor according to the literature, 10 but in our study it did not influence the outcome.
Study Limitations
Although the present series reports one of the highest numbers of pediatric cases of SDE, it is not devoid of the pitfalls of a retrospective study. We have not included the immune status of the children, the general health of children, management of complications, and socioeconomic status of the family in our analysis. We have combined all the cases across various age groups and etiologies. The number of infants was low in our series, thus we could not perform a subgroup analysis.
Conclusions
Younger age, poor GCS score at presentation, occurrence of CVT, and arterial infarction were poor prognostic factors for outcome of spontaneous SDE. Early surgical intervention and evacuation of pus with proper antibiotic coverage should be the goal of management.
